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RESEARCH MEMORANDUM

THE EFFECTS OF SWEEPBACK ON LONGITUDINAL

CHARACTERISTICS OF A -3];0— SCALE SEMISPAN MODEL CF TEHE

BELL X-5 ATRPIANE AS TETERMINED FROM NACA WING-FLOW

TESTS AT TRANSONIC SPEEDS

By Joseph J. Kolnick and Robert M., Kennedy
SUMMARY

Tests were made by the NACA wing-flow method to determine the effect
of sweepback angle on the longltudinal chsracteristlics of a 3% -gcale

semispan model of the Bell X-5 varisble-gweep sirplane at Mach numbers
from 0.70 to 1.05. Lift, drag, and plitching moments were obtalned
through an angle-of-attack range of -4° to 12°. The Reynolds number of

The tests was 1.3 X 106 18 percent based on the mean aerodynamic chord
of the 60° swept wing. Tests were made with the wings of +the model in
the 20°, 30°, 40°, 50°, and 60° sweptback positions and with a tail inci-
dence of -2°. The characteristics of the fuselage alone were also
determined.

The results of the tests indicated that the 1ift coefficient at
which stall occurred increased with an Increase In sweep at least for
Mach numbers from 0.75 to 0.90. The lift-curve slope decreased with an
increase in sweep angle for all test Mach numbers except for the range
between 0.80 and 0.90.

By assuming level flight at 40,000 feet and a wing loading of 50,
it appears that the sweep angle for least drag would increase from 309
to 40O gs the Mach number was increased from 0.75 to 0.83, from 40° to
50° ror Mach numbers from 0.83 to 0.92, and from 50° to 60° as the Mach
number wag increased to about 1.00.

The 20°, 309, 40O, and 50° sweep settings showed a longitudinal
instability occurring st 1lift coefficients above 0.5 for Mach numbers
below 0.90 and 0.95. For the 60° gweep setting, moment deta were not
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obtained at sufficiently high 1lift coefficients to Indicate whether
instabllity would be encountered. .

In genersl, even with forward translation of the wing accompanying
the increase from 20° to 60° sweep angle, the stability of the model
increased with increasing sweep at &ll Mach numbers.

INTRODUCTION

Ag part of a program to determine the aerodynamic characteristics
of the Bell X-5 research alrplane Incorporating a wing for which the
angle of sweep can be varled In flight, an investigation was made at

transonic speeds by the NACA wing-flow method on a g%--scale semigpan
model of a preliminary configuration.

Results of tests covering several phases of Investigetlons at low
supersonic Mach numbers have been reported in references 1 to 4. The
present paper is the first of a series reporting serodynamic character-
istics within the transonic speed range (Mach numbers from C.70 to 1.05).
Resulte of measurements of normal force, chord force, and pitching
moment are presented for a semispan model with the wing sweptback 200,
30°, L40°, 50°, and 60°, and a tail incidence of -2°, Similar measure-

. ments were also made of the fuselsge alone.

SIMBOIS

v velocity, ft/sec

S model wing area, semispan (includes area in fuselage between
perpendicularg from wing-fuselage intersectlon to plane of
symmetry), sq ft

L 1lift force, 1b

D drag force, 1lb

M pltching moment, In.-1b

R, Reynolds number based on mesn serodynamic chord of 60° swept
wing

Ry Reynolds number based on Cf
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Cy, 1ift coefficient, L/gS

Cp drag coefficient, D/qgS

CDo drag coefficient at zero 1ift

Cm pitching-moment coefficient, M/qSE

My, local Mach number at wing surface of North American
F-51D girplane

My effective Mach number for wing of model

My effective Mach number for tail of model

c mean agerodynamic chord of wing; bassed on relationship

7y
Jfb/z .

is spanwise coordinste, in.

where b 1s wing span, c¢ 1s chord, and ¥

q effective dynamic pressure for wing of model, %pva,
1b/sq £t
Ct mean aerodynamic chord of tall, in.
ig incidence of horizontal tail (referred to wing-chord plane)
a angle of attack of fuselagg, deg
p mass density, slugs/cu £t
A sweepback angle referred to 25-percent-chord line, deg
dCr,/da variation of 1ift coefficient with angle of attack, per deg
dCM/dCL varlation of pitching-moment coefficlent with 1ift coefficient

Prime indicates coefficients based on dimenslons of configuration with
60° sweptback wing.
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MODEL AND TESTS

Model.- The configurations tested and reported consisted of &
preliminary é%-—scale semispan model of the X-5 alrplane equipped suc-
cessively with wings of 20°, 30°, 40°, 50°, and 60° sweepback angles
referred to the 25-percent-chord line., For the present investigation
the horizontal tail incidence was -2°. A test was also made for the
fuselage alone,

A photograph of the semispan model equipped with end plate is
ghown in figure 1; photograph of the médel with the wing swept back 20°
is shown in figure 2. The geometric characteristics of the model are
glven in table I; other details of the model are shown in figure 3. The
geometry and dimensions of the wing with different sweepback angleg are
shown in figure 4. The airfoil section perpendicular to the unswept
39-percent-chord line (wing pivot point of the full-scale airplane) was
an NACA 64(70)A011 at the root (through the pivot point) and tapered to

NACA 6k(og)A008.6 at the tip. The horizontal tail had an NACA 64A006

alrfoil section parallel to the free stream and was sweptback L45° along
the 25-percent-chord line. The aspect ratios of the 20°, 30°, 40°, =0°,
and 60° swept wings are, respectively, 4.82, L.k, 3.77, 2.98, and 2.18
when the end plate is consldered as a reflection plane, The wing and
tall surfaces of the model were fabricated from solid duralumin, whereas
the fuselage was of mshogany reinforced with duralumin. A duct was
included in the fuselsge of the model to simulate to some extent the
air inteke and flow through the jet engine of the full-gcale airplane,

The model was originally designed and constructed so that the
pitching moment would be measured about the 25-percent mean-aerodynamic-
chord location (gross-weight center-of-gravity location of the full-scale
airplane) of the wing in each sweep position. To keep the pitching
moment shbout the 25-percent mean aerodynamic chord on the orilginal model,
the wing was translasted forward as the sweep increased from 20° to 50°
and wag translated backwards somewhat as the sweep increased from 50° to
60°. However, with subsequent changes in wing span snd fillets on the
model, the positions about which the pltching moments were measured
actually correspond to the 35-, 36-~, 35, 29-, and 26-percent mean aero-
dynamic chords of the 200, 30°, 4L0°, 50°, ard 60° swept wings, respec-
tively. The model tested differs from the full-scale configurstion only
in having different wing fillets and in the longitudinal location of the
wing for the various sweep angles. The semispan model, which was shaped
elong the fuselage center line to conform to the curveture of the air-
plane wing In the test region, was mounted close to the North Amerilcan
F-51D modified wing surface and was comnected to a baslence enclosed
within the wing.
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Tegts.- The investigation was made by the NACA wing-flow method
in which the model is mounted in the reglon of high-speed flow over the
wing of an F-51D airplane.

The model and balance were arranged to osclllate as a unit so that
the forces were measured normal and parallel to the fuselage reference
line of the model st all angles of attack. Continucus measurements were
mede of angle of attack, normal force, chord force, and pitching moment
as the model oscillated 3/h cycle per second through an angle~of-attack
range of -4% to 120, The angle of attack was determined from measure-
ments of model angle and local flow angle., The local flow angle was
determined from a free-flosting wvane mounted outboerd of the model
station as described In reference 5.

The chordwise velocity gradients in the test region on the airplane
wing determined from static-pressure measurements at the wing surface
with the model removed are indicated in figure 5. The vertical gradient
over the entire test section was -0.004 Mach number per inch. The effec-
tive dynamic pressure g, the effective Mach number for the various model
wings My, and the effective Mach number at the model tail Mt were
determined from an Integration of the velocity distribution over the
grea covered by the wing and the tall of the model, respectively. The
variation of Mach number for the tail Mg with Mach number for the

wings M;, due to the chordwise velocity gradient, is shown in figure 6.

A more complete discussion of the method for determining the Mach number
and dynamic pressure at the model can be found in reference 5.

The tests were made by diving the F-51D asirplane from an altitude
of about 24,000 feet to approximately 14,000 feet, at which altitude an
airplane Mach number of 0.75 was obtained and the recording instruments
started. The dive was then continued et an indicated speed of 450 miles
per hour and & pullout to level flight effected at an altitude of
5000 feet. In the level-flight portion of the test the airplsne was
allowed to decelerate to an airplare Mach number of 0.5, at which time
the recording instruments were discontinued. This test procedure per-
mits the maximum Reynolds number to be obtained at a given Mach number
within the placard limits of the airplane,

The average relation between Reynolds number of the 60° wing Ry
and the Reynolds number of the tail Ry with Mach number at the wing

My is shown in figure T. The Reynolds number for wings other than the
60° wing can be found by multiplying the values of R, in figure T by
the ratio of the & of the wing desired to the € of the 60° wing.
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PRESENTATION OF RESULTS

For figures 8 to 12, the 1lift, drag, and pltching-moment character-
istics are based on the area of the wing extending to. the plane of sym-
metry as shown in figure 4. All pitching moments are referred to the
common Ffuselage statlon about which the measurements were taken. This
station corresponded to the 35-, 36-, 35-, 29-, and 26-percent mean-
aerodynamic-chord points of the 20°, 30o hOO 500, and@ 60° swept wings,
regpectively.

Figure 8 shows sample data for one complete oscillation of the
model through the angle-~of-attack range. Pitching-moment data were
obtained over part of the angle-of-attack range iInvestigated because
of limitations in the capaclty of the pitching-moment element of the
belance. Data are shown for both increasing and decreasing engles of
atbtack for the cycle. During this particular cycle, the Mach number
varied 0,002, The faired curves are used to glve results for a Mach
number of 0,90, Similarly, several cycles were worked up for each con-
figuration through the Mach number range and cross-plotted to show varia-
tions of the characteristics with Mach number at constant 1ift coeffi-
cients as given in figure 9. Results from reference 3 at a Mach number
of 1.2k are also shown in figure 9 and in figure 13(g) for the lift-curve
slope for the 40C, 50°, and 200 wings. The dashed llneg are used merely
to connect proper data points at My = 1.2k from reference 3 and curves
of the present teste.

Plotes of CI, against a, CIL a&against Cp, and Cn sagainst «,

obtained from cross-plots of figure 9, are presented in figures 10, 11,
and 12, respectively, for several Mach numbers.

The effects of a vériable-sweep configuration on the drag coeffi-
cient at varlous 11ft coefficients, on the rate of change of pitching-
moment coefficients with 1ift coefficient deO 26-/dCL , and on the

rate of change of 11ft coefficient with angle of attack d4Cy, /da are

‘shown in figure 13. All coefficlente in thils figure are based on the
dimensions of the 60° wing in order to indicate the characteristics of
the model a8 a variable-sweep configuratlon.

The cheracteristics of the model fuselage alone at constant angles
of attack through the Mach number range are pregented in figure 1h All
coefficlents in this figure are based on the dimensions of the €0° wing.
%lso sh?wn are the data for the fuselage alone st a Mach number of 1.2k

ref. 2}.

DISCUSSION

Lift.- The results In figure 9 iIndlcate conslderable varilation,
especially at the higher 1lift coefficient, 1n angle of atiack at
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constant 1lift coefficlent or correspondingly in the lift-curve slope with

Msch number for the 20° sweep angle. This variation became progressively
" less as the sweep was increased until at 60° sweep the lift-curve slope
was practically independent of Mach number.

In figure 10, the results indlcate a practically lineer variation
of 1ift coeff101ent with angle of attack in the unstalled range for the
20° and 30° sweep angles. At the higher sweep angles the slopes increase
with an increase in lift coefficlent. With the 20° and 30° sweep angles,
stall begins at a 1lift coefficient of about 0.5 for Mach numbers from
0.75 to 0.90. For Mach numbers above 0.90 the stall did not occur up
to a 1ift coefficient of 0.6 which was the 1limit of the tests. At the
higher sweep angles there was no marked indication of stalling wlthin
the lift-coefficient range of the tests st any Mach number.

The varistion of lift-curve slope with sweep given in figure 13
shows for zero-lift coefflicient a progressive decrease with incresassing
sweep angle for test Mach numbers below 0.80 and above 0.95. For zero-
1ift coefficient there 1s a deterioration in the lift-curve slope between
Mach numbers of 0.80 and 0.95 for the 20° sweep and between Mach numbers
of 0.85 and 0.95 for the 30° sweep so that at a Mach number of 0.90 the
40° sweep angle gives the highest lift-curve slope. For 0.4 1lift coef-
ficient the same conditions exist as for zero-11ift coefficient except
the lift-curve deterioration occurs only for the 20° sweep angle and
begins at an earlier Mach number of 0.80. The results reproduced in
figure 13(g) from reference 3 indicate little varistion in lift-curve
slope between Mach numbers of 1.03 and 1.24 for the 40° to 60° sweep
angles.

As shown in figure 1%, the variation of 1lift coefficient with angle
of attack for the fuselage alone has a small approximstely constant value
throughout the Mach number range tested and amounts to about 5 percent of
the lift-curve slope of the complete model with 60° sweep and gzero-1ift
coefficient.

Drag.- The absolute values of drag coefficients presented are con-
sidered qualitetive because they are subject to unknown effects of the
reflection~plane method of testing on the drag of the model fuselage
and include the drag of the end plate., However, the varlation of drag
coefficlent with 1ift coefficient and Mach number, and the differences
between the drag coefficients for the various configurations are believed
to be unaffected by these factors.

The drag-rise Mach number of the model indicated in figure 9 is not
too well-defined, but it eppears to increase from about 0.80 with
20° gweep to about 0.90 with 50° sweep for zero-lift coefficlent. Above
500 gweep there is little change in the drag rise Masch number apparently
because the drag rise 1s associated primarily with the fuselage rather
than the wing. The results given in figure 14 indicate that the drag
rise for the fuselage alene occurs at about a Mach number of 0.90. The
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rise in drag coefficient from a Mach number of 0.80 to 1.02 at zero-
1ift coefficlent decreased from a value of 0.073 for 20° sweep to 0.041
for the 60° sweep. The fuselage alone contributed a rise of 0.024
included in these smounts.

The drag due to 1ift indicated in figures 9 and 11 for any one Mach
number and up to a 1lift coefficient of O.4 is about the same for the 20°
and 30° sweep angles and increases as the sweep angle is increased to 6b°,
When the Mach number 1is varied from 0.75 to 0.90 the drag due to 1lift for
the 20° and 30° sweep settings approximstely doubles snd then decreases
somewhat with further increase in Mach number. However, Mach number
appears to have no marked effect on the drag due to 1ift of the 50° and
60° sweep settings.

The results in figure 13 indicate the sweep angles that should give
the least drag for the various conditions of Mach number and 1lift coeffi-
cient covered by the tests. For conditions of level flight at 40,000 feet
with a wing loading of 30 pounds per square foot the sweep angle for least
drag would increase from 30° to LO® as the Mach number is increased from
0.75 to 0.83, from 40° to 50° for Mach numbers from 0.83 to 0.92, and
from 0° to 60° as the Mach number 1s increased further to about 1.00,

The reduction In drag from 50° to 60C sweep angle was relatively small
in comparison to that from 40° to 50° sweep angle.

The rather large differences in drag between the 20° and 30° sweep
angles which appear in figure 13 for even the lowest Mach number of 0.75
is only partly accounted for by the greater exposed area of the 20° con-
figuration. The drag results of the 20° sweep settings are considered
questlonable becsuse incomplete resgults of several other tests of the
model differing only in tall getting indicated considerably less drag.

Pitching moment.- From the results in figure 9, 1t appears that at
any one Mach number for the 20° sweep there was 1llttle variation in
stabllity dCM/dCL with 1lift coefficlent, as indicated by the even
spacing of the curves up to a 1lift coefficient of 0.6, even though at
the lower Mach numbers stsell began at a 1ift coefficient saround 0.5, as
shown in figure 10. However, a congiderable increage in stebility with
increasing Mach number is iIndicated for the 20° and 30° sweep angles by
the increased spacing of the curves. At 1lift coefficlents above 0.5,
instability dCM[dCL due to the falling off of the lift-curve slope
occurred around 0.80 Mach number for the 30° sweep and aroumnd 0.90 Mach
number for the 40° sweep.

At angles of attack corresponding to 1ift coefficlents above 0.5
and Mach numbers below 0.90, the results in figure 12 indicate for the
20° gweep angle an instability from the value of dCM]da which corre-

sponds to the decrease in the lift-curve slope shown in figure 10 even
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though the value of dCMldCL showed no instebility. The 30° and

LOO gweep angles showed instabllity, whereas the 50° sweep angle showed
& tendency to instability in the lower Mach number range and 1lift coef-
ficients above 0.5. In all cases at Mach numbers above 0.90 to 0.95,
the ungteble tendencies disappeared or perhaps were delayed to higher
1ift coefficients beyond the range of the tegts. For the 60° sweep
setting moment data were obtained only for 1lift coefficients up to O.h4
and any unstable condition that may exist wes not reached. Up to this
1ift coefficlent there was a marked increase in stability dCMldm with

increasing 1lift coefficient throughout the Mach number range which was
partly due to the increasing lift-curve slope (fig. 10).

The varlation of pitching-moment slope with sweep in flgure 13
indicates a general rearward movement of the aerodynamic center as the
sweep angle was Increased for the greater part of the Mach number range.
These resulis indicate that the forward translational movement of the
pivot of the wing as it is swept back should be somewhat grester than
that used for the present model in order to obtaln less variation in
stability as the wing sweep is increased.

In figure 1%, the variation of pitching-moment coefficient at con-
stant angles of attack for the fuselage zlone indicated relatively little
Mach number effect and amounts to about 0.00k in terms of de‘/dm.

CONCIUSIONS

Tests made by the NACA wing-flow method to determine the effect of
sweepback angle on the longitudinal characteristics of a ;%--scale model

of the Bell X-5 variable-gweep airplane at Mach numbers from 0.70 to
1.05 indiceted the following results:

1. The 1i1ft coefficient at which stalling began Iincreased with
increasing sweep at least for Mach numbers from 0.75 to 0.90.

2. In general, the lift-curve slope decreased with sn increassing
sweep angle for all test Mach numbers except for the range betweéen 0.80
and 0.90,

3. For the case of level flight at 40,000 feet with a wing loading
of 50, it eppeared that the sweep angle for least drag would increase
from 30° to 40° as the Mach number was increased from 0,75 to 0.83, from
4k0® 4o 50° for Mach numbers from 0.83 to 0.92, and from 50° to 60° as +the
Mach number wes increased to about 1.00.
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L, The 20°, 30°, 40°, and 50° sweep settings showed longitudinal
instability occurring et 1ift coefficlente above 0.5 for Mach numbers
below 0.90 to 0.95. For the 60° sweep setting, moment data were not
obtaeined at sufflciently high 1ift coeffilclents to indicate whether
instability would be encountered. '

5., In general, even with forward translstion of the wing accempanying
the increase from 20° to 60° sweep angle, the stability of the model
increased with increasing sweep at all Mach numbers.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va.
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TABILE I.- GEOMETRIC CHARACTERISTICS OF ?%--SCAIE SEMISPAN

MODEL OF BELL X-5 VARIABLE-SWEEF ATIRPIANE

Wing dimengions:

NACA RM L52I23

Airfoil section (perpendicular to 38.58-percent-chord line)

"ROOE o o o o«
T iP [ ] L ] [ ] L ] L ] L] [ ] L] L ]

Sweepback angle, deg .
Semispan, in. « o e
Mean aerodynamic

chord, In. . . . . «
Chord at tip, in. . .
Chord at plane of

symmetry, in. o s s
Area (semispan), sq in.
Agpect ratio . .
Dihedral, deg .
Incidence, deg .

Horizontal tall:
Sectlionl v« « « ¢ o o o «
Sweepback angle, deg .
Semlspan, in. e o e e

Mean aerodynamic chord,
Chord at tip, in. « .

Chord at plane of symmetry,

Ares (semispan) sq in.
Aspect ratlo « . ¢« «

Helght (above wing chord),

Length:

From 0.268 of 60° swept wing to 0.2584,

.-‘occ-ca-oo---..aNACA6l|'(lo)Aoll

e s« s e s o oo o NACA 6h(g)008.6

in.

in-.

20 30
6.18 5.82
2.96 2.94
1.8% 1,84
L.50 4.ho

15.84 15.30
4,82 h 4L
0 0
0 0

From 0.29¢ of 50° swept wing to
From 0.35¢ of L40° gwept wing to
From 0,.36¢ of 30° gwept wing to
From 0.35¢ of 20° gwept wing to

in.
0.255.t, in.
0'25Et’ in,
0'25Et’ in.
0‘25Et’ in,

5,31

3.10
1.84

L. ko
14.97

0

® ® 2 2 8 e & 3 @

k.60

3.20
1.8k

h.s0

1k.20
3.77 . 3.98
0 o}

0

NACA 6LAOCO6

60
3.88

3.6k
1.8k

L.25
13.79
2.18
0

0

b5
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Figure 1.~ Bide view of semlspan wing-flow model of the Bell X-5 alrplane.
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Figure 2,~ Semlspan wing-flow model of ghe Bell X-5 varieble-sweep sirplane.
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Figure 3.- Detalls of the samiegan model of the Bell X-5 variable-sweep
airplane with wing in the 60° sweep position. (A1l dimensicns are in
inches. )
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AT 35% ¢

THE ¢ OF THE BALANCE REMAINS AT THE SAME
FUSELASE STATION

1

ef BALANCE 4 BALANCE
AT 36%¢C AT 35%C

~ & BALANCE

4 BALANCE
AT 26%C

AT 28%¢C

A=50": A=80°"

puger vy

l_FUSEILAGE L3

Figure 4.- Various wings of 516' scale X-5 model, All dimensions are

in inches.
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Figure 5.- Typical chordwise local Mach number variation measured at
surface of test section for several flight Mach numbers. Chordwise

location of model also shown.
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20,30, AND40° WINES
_______ — 50°AND 60° WINGS
—— ——— —— [INE OF AGREEMENT
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Figure 6.- Variation of Mach number at the tail My with Mach number
at the various wings My. Line of agreement also shown.
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Figure T.- Variation of Reynolds number of wing (A = 60°) R, and Reynolds
number of tail Rp with Mach number at the wing M.
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Figure 8.- Sample data of semispan model of Bell X-5 airplane. A = 60°;
M, = 0.90; i} = -29,
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Figure 9.- Varistion of angle of atté.ck, drag cdefficient, and pitching-
moment coefficlent with Mach numher at several valuee of 1ift coeffi-
clent of & semigpan model of the Bell X-5; iy = -2°.
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Figure 9.~ Continued.
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(a) A = 20°,

Figure 10.- Variation of 1ift coefficient with angle of attack at several
- Mach numbers, ’
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Figure 10.- Concluded.
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Flgure 1l.- Variation of 1lift ccefficlent with drag coefflcient at
several Mach numbers.
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Figure 11.- Continued.
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Figure 11.- Concluded.
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Figure 12.- Variation of pitching-moment coefficient with angle of attack
at several Mach numbers.
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Figure 12,- Continued.
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Figure 13.- Effect of sweepback angle on the drag coefficient at various
1ift coefficients, on the rate of change of Llift coeffilcient with angle
of attack, and on the rate of change of pitching-moment coefficient
with 1lift coefficient for the semispan model of the Bell X-5 airplane.
14 = -2°.  (All coefficients based on dimensions of the 60° wing.)
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Figure 1k4.- Variation of 1ift, drag, and pltching-moment coefficients
with Mach nurber at several values of angle of attack of a Bell X-5
semispan model of fuselage slone.
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